Recent advances in nano-and micro-technology have made it possible to deliver surface-bound extracellular signaling cues to cultured neurons. In this study, we investigated the formation of neurites and axonal outgrowth using various types of polygonal micropatterns ('micropolygon arrays') on cell culture substrates and suggested a novel design principle of in vitro axon guidance. Ten different types of micropolygons (circle, triangle, square, pentagon, hexagon, stars and isosceles triangles) were printed on a culture substrate using micro-contact printing with a mixture of poly-L-lysine and laminin A chain synthetic peptide. E18 rat hippocampal neurons were cultured on the patterned substrates, and the relation between micropatterns and neurite outgrowth was analyzed. Micropolygon arrays had effects on the soma shape and neurite initiation. In the case of regular triangle patterns, neurons showed vertex preference in terms of neurite initiation: neurites were more frequently generated from the vertex region. In the case of isosceles triangles, a major neurite was formed from the sharpest vertex and axons were developed from the sharpest vertex. Thus, the direction of axon growth could be controlled by the orientation of the sharpest vertex in the isosceles triangles. This work suggests that the geometry of cell adhesive regions influences the development of a cultured neuron, and the structure of neural circuits can be designed by controlling axonal outgrowth with individual micropolygons.
Introduction
In the nervous system, axon guidance is important for the construction of neural circuits during development and axons are guided by the local distribution of extracellular proteins such as netrins, slits, semaphorins and ephrins [1, 2] . Reproducing the in vivo conditions in a dish has been challenging but imperative task for studying neurobiological mechanisms or engineering neural tissues. Recent advances in nano-and micro-technology have made it possible to deliver surface-bound extracellular signaling cues to cultured neurons for the purpose of controlling neuronal growth. Surfacebound micropatterns composed of axon-specific proteins such as L1 [3, 4] , laminin [5, 6] or N-cadherin [4] were reported to be effective in selectively guiding axonal growth in vitro. Besides using axon-specific proteins, particular designs for axon guidance have been investigated; surfacebound gradient patterns composed of ephrin A5 [7] , polylysine [8] or laminin [8] were capable of guiding the direction of growing axons. In addition, a 'speed bump' pattern was reported to control neuronal polarity by means of the differential speed of growth among neurites [9] and an attempt was made to design in vitro polarized neuronal circuits using the speed bump patterns [10] . It was also reported that putative axons (or major neurites) showed a preference for nanomaterials such as carbon nanotubes [11] , nanowires [12] , nanofibers [13] and nanoporous surfaces [14] .
Studies of the interactions between non-neuronal cells and substrates have provided evidence for the manipulation of cellular behaviors at the single cell or sub-cellular level using the geometry of cell-adhesive regions. The geometry of confined cell-contact regions given by micropatterns determined cell shape and fates [15] . An asymmetric shape such as a teardrop decided the direction of cell migration [16] and the polarity of organelles (e.g., nucleus, centrosome, Golgi apparatus and cytoskeletons) [17] . In addition, the orientation of the division axis was controlled by the geometry of micropatterns such as arrow-or L-shapes [18] . The geometrical element such as the vertex of a micro-rectangle was reported to induce the pointed arrangement of actin bundles and the vigorous extension of lamellipodia at the vertices [19, 20] . These results suggested that the cytoskeleton dynamics could be modulated by the geometry of adhesive regions, which leaves us with the possibility of controlling the neurite initiation and axonal guidance that are closely related with the cytoskeleton dynamics of a developing neuron. Neuritogenesis, the process of neurite initiation, is triggered when actin cytoskeleton is asymmetrically rearranged [21] and axonal growth is one of the consequences of the neuritogenesis. So far, there has been little effort to control neuritogenesis and axonal growth by the geometry or shape of the cell adhesive region.
In this study, we investigated the effect of the geometry of cell adhesive micropatterns ('micropolygon arrays') on neuritogenesis and axonal growth. On the basis of cellsubstrate interactions, we hypothesized that micropolygons affect the arrangement of the cytoskeleton dynamics and consequently guide the neurite initiation and axonal outgrowth. To test the hypothesis, we designed micropolygons that were as large as somata, and printed them on culture substrates. After E18 rat hippocampal neurons were cultured on the patterned substrates, neurite outgrowth was analyzed by measuring the direction of neurite initiation and axonal growth related with different micropolygons. We found that the geometry of the surface micropolygons influenced not only neurite initiation but also the axon polarity of cultured neurons.
Materials and methods

Fabrication of cell adhesive micropatterns
Polydimethylsiloxane (PDMS) microstamps were used to print micropolygon arrays on a culture substrate. A 2 μm thick silicon mold was fabricated with a negative photoresist (SU8-2002, Microchem) through a commercial foundry service (Seoulin Bioscience, MicroChip Foundary Service Center, Republic of Korea). Trichloro (1H, 1H, 2H, 2H-perfluorooctyl) silane (448931, Aldrich, MO) was coated on the silicon mold in a vacuum desiccator to facilitate the release of the cured PDMS from the mold. A mixture with a 10:1 ratio of PDMS prepolymer and curing agents (Sylgard 184, Dow Corning, MI, USA) was poured on the silicon mold and then cured for 2 to 3 h at 60
• C. A cured PDMS layer was gently released from the silicon mold and cut into square pieces (1 cm-by-1 cm). The microstamps were successively rinsed in 5 min intervals with acetone (Junsei Chemical Co., Ltd, Japan), isopropyl alcohol (Junsei Chemical Co., Ltd, Japan) and deionized water in an ultra-sonication bath. The cleaned stamps were coated with a 10% sodium dodecyl sulfate (L3771, Sigma, MO, USA) solution by submerging in an ultra-sonication bath for 5 min and a stationary bath for 10 min successively. The stamps were blow-dried with compressed air and coated with an ink solution composed of FITC-PLL (0.1 mg/ml in PBS, P3069, Sigma, MO, USA) and synthesized laminin A chain (0.05 mg/ml in PBS, C6171, Sigma, MO, USA). After 30 min coating, stamps were gently blow-dried with compressed air and immediately used for contact-printing. Micropatterns were printed on glass coverslips (22 mm × 22 mm, Marienfield, Germany), and a constant pressure (20 g) was applied for 1 min.
Cell culture
Hippocampal neurons were dissociated from E18 Sprague Dawley rats (Coatech, Republic of Korea) and plated on patterned substrates. Detailed procedures are as follows: dissected hippocampi were dipped into Hank's buffered salt solution (LB003-02, Welgene, Republic of Korea). They were dissociated with pipettes and then centrifuged for 5 min at 1000 rpm. We removed the supernatant and added 1 ml of a plating medium which consisted of Neurobasal medium (21103, Gibco, CA, USA), B27 supplement (17504-044, Gibco), 2 mM of GlutaMAX (35050, Gibco), 12.5 μM of L-glutamate (G8415, Sigma), and 1% penicillin-streptomycin (15140, Gibco). The cell suspension was filtered with a cell strainer (352340, BD Falcon, NJ, USA), and cells were plated on the patterned substrate at a density of 50 cells mm −2 . The plated cells were maintained in a humidified CO 2 incubator (37
• C, 5% CO 2 ), and half of the plating medium was replaced with a maintenance medium (plating medium without L-glutamic acid) at four days in vitro (DIV). All animal procedures were carried out in accordance with approved animal use protocols at KAIST Institutional Animal Care and Use Committee (IACUC).
Immunostaining
To label cytoskeleton structures of cultured neurons, we fixed the samples with 4% paraformaldehyde (158127, Sigma) for 15 min at room temperature and washed with PBS (phosphate buffered saline) three times. Next, we permeabilized the cells with 1% Triton X-100 for 15 min at room temperature and washed them three times with PBS. The nonspecific binding of antibodies was blocked with 6% bovine serum albumin (BSA, A7906, Sigma), and there was a subsequent washing with PBS. The primary antibodies (anti-beta-tubulin III, 1:500, T2200, Sigma; anti-tau-1, 1:200, MAB3420, Millipore), which were diluted in 1.5% BSA, were then treated for 1 h at 37
• C. After three washing steps with PBS, the secondary antibodies (Alexa Fluor anti-rabbit and Alexa Fluor anti-mouse, 1:100, Invitrogen, CA, USA), which were diluted in 1.5% BSA, were treated for 1 h at 37 • C. To label F-actins, we used phalloidin bound to tetramethylrhodamine B isothiocyanate (phalloidin-TRITC, 0.5 μg/ml in PBS, P1951, Sigma). After that, the phalloidin-TRITC solution was treated for 40 min at room temperature and washed with PBS. The labeled samples were mounted on a glass slide with Faramount (S3025, Dako, Denmark). An Olympus BX51M microscope and CCD camera (Luca-S EMCCD, Andor Technology, UK) were used to acquire fluorescence images.
Data analysis
To quantify the neurite initiation and axon formation on individual micropolygons, micropolygons occupied with a single neuron were identified and the neurite outgrowth was measured with respect to vertex region. The vertex region was defined by the angular range of 30
• with respect to the line connecting the vertex point and the center of mass (supplementary figure 1 available at stacks.iop.org/JNE/9/046019). The percentage of neurites initiated from vertices was measured by taking the ratio of the total number of neurites originated from the vertex regions to the total neurites counted. To analyze the micropolygon effects on neurite outgrowth, the measured values were compared with theoretical values calculated under the null hypothesismicropolygons have no effect on neurite outgrowth and the distance between micropolygons is the only factor. As the distances from each vertex to the neighboring patterns were not equal, we calculated the expected value for the null hypothesis by assigning different probabilities to each vertex. To calculate the theoretical value for a micropolygon, each vertex was categorized into either a 'nearest' vertex (red circles in supplementary figure 2 available at stacks.iop.org/JNE/9/046019) or a distant vertex (dashed circles in supplementary figure 2). The nearest vertex had the shortest distance to the neighboring spot (10 μm) and the distant vertex had the distance longer than 10 μm. Nearest vertices were equally assigned with the probability p, and distant vertices were equally assigned with the probability q. The probability p was the likelihood of neurite initiation from the point that had minimum distance to the neighboring patterns, which was experimentally determined from neurite outgrowth on circle arrays (see section 3). Then, the theoretical value (P) of neurite initiation from vertices was calculated following the equation: P = p × N + q × M, where N and M indicated the number of vertices assigned to the nearest vertex and distant vertex, respectively ((N, M) = (3, 0) (triangle); (0, 4) (square); (3, 2) (pentagon); (2, 4) (hexagon)). GraphPad Prism (GraphPad Software, CA, USA) was used to perform a statistical test. Figure 1 shows the specification of designed micropolygons. Ten types of micropolygons were used to investigate the relation between surface geometry and neuritogenesis. We used five regular shapes (circle, triangle, square, pentagon and hexagon) and two star-shapes (a hexagram shape with a vertex angle of 60
Results
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• or 90
• , named as star-60 or star-90). In addition, there were three different isosceles triangles (long triangle, very long triangle and wide triangle) with different base-to-leg ratios (1:2, 1:4 and 1.5:1) for the study of the axonal growth and vertex angles. As we hypothesized that individual micropolygons would influence the rearrangement of cytoskeleton structures of somata, all of the micropolygons were designed to be comparable to the size of a soma (∼130 μm 2 ). Each type of micropolygon was arranged as an array with 10 μm spacing over an area of 1 cm-by-1 cm. For each micropolygon, there were four neighboring micropolygons at four major directions (top, bottom, left and right) and their distance was designed to be equal (10 μm). All the micropolygons were printed on glass coverslips by means of micro-contact printing (printed image column in figure 1 ). Printed patterns were composed of FITC labeled poly-L-lysine (FITC-PLL) and laminin A chain, which was expected to increase the efficiency of the cellular adhesion and activate the intracellular signaling pathways related to neurite outgrowth [22] . Although there were some variances, the average difference between designed and printed areas of micropolygons was 6.3 ± 3.3% (mean ± SD, N = 10). The obtained sizes were sufficient to perform single cell studies.
Neurite outgrowth on micropolygon arrays
Surface micropolygon arrays had effects on the neurite formation and extension. Figure 2(A) shows the growth of E18 rat hippocampal neurons on circle arrays at 1 DIV. Somata were preferentially attached on each circle and neurites grew out from somata by initially contacting with the neighboring circles (indicated by white arrows in inset of figure 2(A)). Neurites on micropolygon arrays preferentially extended to the major four directions (top, bottom, left and right), whereas neurites on uniformly coated control samples grew in every direction. To quantify the geometric effect of the array on neurite extension, we measured the frequency of neurite extension in radial directions. Figure 2(B) shows the angle histogram (bin = 30
• ) plotting the probability of neurites sprouting in radial directions. Probability of neurite initiation on the controls was evenly distributed around the directions (0.083 ± 0.028, mean ± SD, N = 12 bins), whereas that on the circle arrays was biased in four major directions (0 • , 90
• , 180
• and 270 • ). This effect was also observed from other types of micropolygon arrays (supplementary figure 3 available at stacks.iop.org/JNE/9/046019). There was the shortest path from edge to edge in these four directions. The probability of neurite growth in these four directions was 0.684, which was two times higher than the random chance of 0.316 estimated from neurons grown on a control sample. From this measurement, the probability of neurite outgrowth in one of these four directions was 0.171 (p = 0.684/4) and it was showing the probability of neurite outgrowth at the region where the distance to the neighboring adhesion spot was shortest (10 μm). In a similar manner, the probability of neurite outgrowth in other directions was 0.0395 (q = 0.316/8) and it was the probability of neurite outgrowth at the regions other than the most proximal points. These values were used to calculate the theoretical values of neurite outgrowth from each micropolygon when considering only the distance factor at the vertices in next sections. Figure 2 (C) summarizes the average number of neurites per neuron on micropolygon arrays. Neurons on micropolygon arrays had significantly fewer neurites than those cultured on control substrates. In the case of control groups, the average number of neurites was 4.1 ± 0.1 (mean ± Figure 2(D) shows the average length of neurites on micropolygon arrays. Seven types of micropolygons (circle, triangle, square, pentagon, hexagon, star-60 and star-90) had significantly shorter neurites than the control groups. The value of control group was 32.6 ± 0.8 μm (mean ± SEM), while that of micropolygons were as follows: circle: 25.2 ± 1.0 μm; triangle: 24.0 ± 1.1 μm; square: 23.5 ± 1.0 μm; pentagon: 23.9 ± 1.0 μm; hexagon: 24.2 ± 1.2 μm; star-60: 28.3 ± 1.1 μm; star-90: 23.2 ± 1.1 μm. In the case of three isosceles triangles, there was no significant difference (long triangle: 29.6 ± 1.1 μm; very long triangle: 31.4 ± 1.3 μm; wide triangle: 32.0 ± 1.5 μm). These results suggested that neurite extension was retarded by the discontinuity of adhesive regions.
Single cell effect of micropolygons
Next, we looked into the effect of micropolygons on soma shape and neurite formation (or generation). It was observed that the soma shape was deformed by the underlying micropolygon. Figure 3(A) shows the cytoskeleton arrangement and the underlying patterns taken by fluorescence microscopy, 6 h after the cultivation. The underlying micropolygon types could be easily inferred from the outline of F-actin staining. The high correlation between F-actin distribution and the printed patterns implied that the micropolygon shape had some effects on the change of cytoskeleton structures and the soma shape. This result was consistent with previous works that reported the morphological interaction based on cytoskeletons between epithelial cells and surface micropatterns [19, 20] . The deformed soma shape was maintained even after neurite outgrowth at 1 DIV (phasecontrast images in figure 3(A) ).
According to the previous study of neuronal development in vitro, the general development process of cultured neurons involves the initial extension of actin-enriched lamellipodia from cell bodies [23] . In the case of neurons on surface micropolygons, however, lamellipodia structures were not observed, and condensed F-actin structures appeared at the edge of soma (indicated by white arrows in figure 3(A) ). Moreover, some locations of these structures coincided with the vertex regions of each micropolygon. These results implied that the geometry of cell adhesive regions could be an important determinant of cytoskeleton arrangement. As there was some evidence of concentrated F-actin structures and neurite outgrowth at vertex regions for some micropolygons, we analyzed the efficiency of neurite initiation at vertex regions for four micropolygons (triangle, square, pentagon and hexagon). Neurons were cultured for 12 h and immunostained with tuj-1 (neuron-specific class III beta tubulin marker). The efficiency was calculated by taking the ratio of the number of neurites that originated from the vertex regions to the total number of neurites. To test the vertex effects on neurite outgrowth for different micropolygons, we calculated an expected efficiency (theoretical value) assuming that the neurite outgrowth in the vertex region was solely due to the distance factor. Then, the measured value was compared with the theoretical value obtained from the angular distribution of neurite outgrowth on circle arrays estimated in the previous section. According to the previous section, there was some biased neurite extension at the area where the boundary formed the shortest distance to the neighboring boundary of the micropolygon. The vertex regions that were nearest to the neighboring micropolygons were weighted by the higher probability (0.171) than other distant vertex regions (0.0395). For example, three vertices in the triangle were all nearest vertices ( figure 3(B) , red circles), so the theoretical value of neurite initiation from the vertices would be 0.513 (0.171 × 3). In the case of square whose vertices were all distant vertices, the theoretical value would be 0.158 (0.0395 × 4). In the case of the pentagon or hexagon, some vertices were nearest vertices (pentagon: 3 of 5; hexagon: 2 of 6), while others were not owing to the constraint of array design. Thus, the theoretical values were 0.592 (0.171 × 3 + 0.0395 × 2) and 0.500 (0.171 × 2 + 0.0395 × 4) for the pentagon and hexagon, respectively (supplementary figure 2 available at stacks.iop.org/JNE/9/046019). Figure 3 (C) compares the measured and theoretical values for four micropolygons. In the case of the triangle, the measured value was 0.864, which was significantly higher than the theoretical value of 0.513 (p < 0.001, chi-square test). In the case of the square, the theoretical value was low (0.158) as all vertices were oriented to be distant vertices. Despite the relatively low expected value, the measured value (0.224) was not significantly higher than this value (p > 0.1). For the pentagon and hexagon, the measured values (pentagon: 0.684, hexagon: 0.565) were not statistically different from the theoretical values (pentagon: 0.592, hexagon: 0.500) (p > 0.01). The statistical significance of measured and theoretical values in the triangle indicated that not only the distance factor but also the vertex factor affected the neurite initiation under the proposed micropolygon array design. Next, three micropolygons with the same number of vertices (hexagon, star-60 and star-90) were used to test the effect of vertex angles ('sharpness') on the efficiency ( figure 3(D) ). In these three patterns, vertices were located at the same angular region ( figure 3(D) , red circles) so that the expected values for all polygons were identically 0.500. Figure 3(E) shows that only the sharpest pattern ('star-60') had significantly high efficiency (0.760, p < 0.001). The other two patterns had 0.533 and 0.565 for the star-90 and hexagon, respectively. These results indicate that the sharp angle was involved in the neurite initiation from the vertex.
Axon guidance by means of the vertex angle of the acute isosceles triangles
As neurons on the triangle had the strong tendency to form neurites at the vertices, we further investigated the effect of smaller vertex angles (<60
• ) on axonal outgrowth. Based on the previous results, we hypothesized that if one vertex had a different angle from others within one triangle, neurite initiation will be significantly biased toward the vertex, thereby resulting in an axon guidance effect. To test this hypothesis, we used the triangle and three different isosceles triangles (long triangle, very long triangle and wide triangle). These triangles had different vertex angles: triangle had equally distributed angles (60 • ); wide triangle had two small base angles (41.4
• ) and one large vertex angle (97.2
• ); and long triangle and very long triangle have one small vertex angle (29.0
• and 14.3
• , respectively). Figure 4 (A) shows representative images of neurons cultured on these patterns at 2 DIV. To evaluate the axon guidance effect of each triangle, we measured the percentage of tau-1-positive axons (indicated by white arrows in figure 4(A) ) that originated from each vertex ( figure 4(B) ). We found that axons were more frequently formed from the smallest vertex angle (enumerated as vertex 1) on the long triangle (64.44%) and very long triangle (58.33%), while the formation of the axon was distributed nearly equally in the triangle or distributed to two base vertices in the wide triangle. It was evident that the axon forming neurites were concentrated on the sharpest vertex. There was about 60% of chance of axon formation from the sharpest vertex in the long triangle and very long triangle. These observations were related with results from previous sections; the sharper vertex had a higher tendency of inducing neurite initiation. As the longest growing neurite is known to become an axon, it can be deduced from the analysis that neurite formation was accelerated at the sharpest vertex among three vertices [9] .
To demonstrate that acute isosceles triangles can be used as a design element for controlling axonal outgrowth in vitro, we designed a micropolygon array composed of long triangles, which was the most efficient in axon guidance. As axons were formed in the direction where the sharpest vertex was oriented, we designed alternating rows of long triangle arrays. Figure 5 shows two well-isolated neurons that were cultured on the same substrate. Although neurons were cultured for seven days, it was evident that the axons (arrowheads) originated from the somata (asterisk) sitting on top of the long triangle pointing in the different directions. This example clearly shows that axons can be selectively guided toward an intended direction by the arrangement of acute isosceles triangles.
Discussion
We designed micropolygon arrays to investigate two effects: neurite initiation and axonal outgrowth. In 1 DIV, neurites had a tendency to bridge the neighboring adhesive dots through the nearest points (10 μm). Testing with various dot shapes (micropolygons) at the early stage of development (12 h), the triangle, which had the smallest vertex angle, showed a significant vertex effect. The nearest points were not the only determinants, sharp vertices also affected the neurite initiation. In the case of the triangle, there were four nearest points toward the neighboring dots, but more neurites were growing out through three vertices and less growing out from the base ( figure 3(B) ). Other micropolygons did not show any significant vertex effect. Further investigation with the hexagon and star confirmed that smaller vertex angles were important in the vertex effects. When the smaller vertex angles were tested with isosceles triangles (long triangle and very long triangle), there was an axon guidance effect at the sharpest vertex. Axons were formed from the sharpest vertex and the array effects induced the directional axonal growth toward the 'pointing' directions. We were able to demonstrate that the long triangle could be used to control individual neuronal polarity control and extend it for the in vitro network design. It might be possible to construct a neuronal network with heterogeneous cell populations imposed with network polarity, which was recently reported using microfluidic devices [24] .
Among various micropolygons, triangles were highly efficient in generating neurites at vertices. The correlation between the F-actin distribution and surface micropolygons indicated that cytoskeleton structures were actively involved in the soma deformation. Figure 6(A) shows the focal concentration of F-actin and short filopodial structures (indicated by a white arrow) at the vertex region of the triangle. Figure 6 (B) illustrates the plausible working model based on our observations: on the occasion of cell adhesion to a micropolygon, the shape of the micropolygon induces the rearrangement of cytoskeleton structures (soma deformation) and F-actins are subsequently concentrated at the vertex (F-actin focal concentration); the focal increase of F-actin triggers the nucleation of actin filaments in the vertex region (F-actin nucleation) and actin bundles form filopodia (filopodia formation). Eventually, these actin-rich structures develop into neurites (neurite extension). Our explanation is also supported by the similar vertex effects that were demonstrated using epithelial cells on polygon micropatterns [19, 20] . We also speculate that there might be an intrinsic morphological phenotype of dissociated neurons since hippocampal neurons are known to form pyramidal shapes at E18 and our cell culture protocol supports the survival of pyramidal neurons [25] .
The results, which suggest that the cytoskeleton dynamics of neurons respond to the geometry of adhesive regions, are consistent with other studies on the relation between directional cellular behaviors and the shapes of micropatterns [16] [17] [18] . These studies have focused on the physical properties of extracellular matrix scaffolds as the mechanism of directed cell migration and division during morphogenesis or tissue renewal. The physical constraint of cell adhesion by micropatterns affected the direction of cell migration [16] , the polarity of organelles [17] and the orientation of the cell division axis [18] . These studies utilized surface micropatterns as a model of adhesive scaffolds to show that the geometry of the scaffolds acts as a guiding cue in cytoskeleton-mediated cellular dynamics [17] . In the same context, our results suggest that the geometry around the neurons contributes to the directional growth of axons during development.
Our results with acute isosceles triangles give us some insights into the in vitro axon guidance techniques. The existing principles are inspired by the biological mechanisms that determine or guide axons during development; these principles were derived from the axon specification process of the short sprouting neurites [9, 10, 26] or the axonal response to gradient cues [7, 8] . In contrast to these methods that relied on the interspacing between dots, our methods implied that one acute triangle would be sufficient to trigger axon sprouting at the sharpest vertex. This could be advantageous for complicated network design. In terms of the fabrication of micropatterns, our patterns only relied on the feature sizes of 10 μm, which can be readily achieved by a high-resolution transparent film mask printing [27] and would reduce the experimental costs.
Conclusion
In this study, we showed that the geometry of surface micropolygons affects neuritogenesis, especially the axonal growth of cultured neurons. We relied on the vertex preference of neuritogenesis to show that the direction of axonal outgrowth can be controlled by the vertex angle of acute isosceles triangles and we proposed the geometric effect of surface micropolygons as a novel design principle for in vitro axon guidance. As micropolygons can be readily printed on a culture substrate using various micropatterning techniques, it would be possible to design a polarized neuronal network in vitro, which will become a powerful experimental model for network cell biology and physiology.
